stress, to reverse the style of faulting near the high-slip zone 3, 4 . Because events with different faulting types in northeast Japan have different b-values (Supplementary Information), we suggest that the observed coseismic rise and postseismic decay of b-values (Fig. 1f) partly reflect the fact that Tormann and colleagues sampled event populations with different mechanisms and from different source volumes in the subduction zone (Fig. 1e) .
Tormann and colleagues argue that reloading of stress caused by rapid postseismic deformation processes, complemented by fault healing processes and stress-field homogenization, may quickly re-establish compressional stress levels to those found just before the earthquake. However, although reloading of a megathrust rupture is indeed most rapid during the early period of postseismic relaxation, our models of stress recovery constrained by geodetic and seismicity data suggest that only a very small fraction of the approximately 10 MPa coseismic stress drop in the high-slip zone could have been recovered in the first three postseismic years. Even when considering the contributions from multiple sources of postseismic deformation 5 , the average shear-stress changes near the high-slip zone only amount to less than 0.5 MPa within three years and approach 1 MPa after relaxation of coseismic stress perturbations more than two decades later (Fig. 1g) , which accounts for the relative hypocentre/plate interface distance and focuses on processes along the interface.
Bürgmann and colleagues select earthquakes with a variance reduction of greater than 80% from the F-net seismic catalogue. However, the variance reduction changes significantly with time and specifically decreases after the Tohoku-oki earthquake. Thus the selection process biases the catalogue by excluding a third of pre-and more than half of post-Tohoku-oki events, independent of event magnitude (30% post-Tohoku-oki for variance reduction of greater than 70%). In our view, the relative fractions of mechanism types (and their b-values) cannot be established with confidence from these subsets.
Aside from these doubts, the b-value time series that Bürgmann and colleagues infer from the relative mechanism fractions reproduces our documented mainshock-related b-value increase 1 . However, this amplitude is significantly lower than those we document in our analysis of the temporal and spatial variation of b-values. Moreover, the fraction-inferred time series reproduces only a slight hint of the recent b-value decrease we observed. Although not shown by Bürgmann et al., the b-values of the individual mechanism types change significantly following the Tohoku-oki magnitude 9 event. That is, despite the above quality limitations, the reverse and normal faulting b-values early after the mainshock are strongly increased, but have significantly recovered at the end of the study period. We find that the amplitude of these changes within each mechanism type is larger than the amplitude inferred from the changes in relative mechanism fractions. This indicates that the relative fractions in focal mechanisms play a secondary rather than dominating role in the overall temporal b-value signal.
The analysis by Bürgmann and colleagues confirms our original comment 1 -traditionally considered mechanisms of stress relaxation cannot explain the b-value recovery observed following the Tohoku-oki earthquake. Whatever the physical mechanism, the b-value is a measure for the likelihood of large versus small events, and this is recovering quickly in northeast Japan. Whether an additional independent parameter exists that for some time can limit the maximum magnitude along this frequency-magnitude distribution is speculative.
Although not fully understood, our b-value observations 1 are not the first and only evidence indicating non-characteristic behaviour of megathrust events [4] [5] [6] . The evolution of faulting style 7 points to a similarly fast, but probably heterogeneous recovery of stress along the northeastern Japan plate interface, supporting our interpretation. ❐ do not yet indicate a return to thrust-loading stress conditions on the rupture zone ( Fig. 1a-d) .
II. Estimation of b-values
We use all available earthquakes described above in northeastern Japan (Fig. S2) obtained values are shown in Table S1 . We adopted the magnitude of completeness M c of the catalogue (Mw 4.0) 13 for the estimation but use of a higher completeness magnitude (Mw 4.5) and other area and time span of the analysis also show similar results (Table S1 ). We also consider focal mechanism catalogs obtained with lower and higher variance-reduction thresholds of 70% and 85%, which also lead to similar results (Table S1 and Fig. S4 ). In Figure 1e of the main text, the temporal change of b-value expected from the mechanism fraction of reverse, normal, strike-slip, and other type earthquakes was calculated as follows
Independent
, where and are the fraction of the i-th mechanism type within the 10 m slip area and b-value of i-th mechanism type in northeastern Japan, respectively. The time series (Fig. 1e) shows similar coseismic and postseismic temporal changes as the b-values shown in Fig. 3a of Tormann et al 5 ( Fig. 1f) , but the amplitude of observed b-value changes are larger than those inferred from the mechanism-type changes alone. The temporal change of the fraction of mechanism type appears to contribute to the coseismic increase and postseismic decay of the inferred b-value, although the full explanation of such temporal changes remains for further study.
III. Finite element model of stress evolution
We use the same three-dimensional (3D) viscoelastic finite element model (FEM) as presented in Hu et al. 15 to study the stress evolution of the fault in response to four primary subduction zone processes; (1) the coseismic rupture, (2) the relocking of the fault, (3) viscoelastic relaxation of the upper mantle, and (4) The earthquake is modeled as an instantaneous forward slip of the fault using the split-node method 17 . The average coseismic stress drop in the high-slip zone is about ~10 MPa, consistent with previous estimates 18, 19 Relocking of the fault is modeled as slow backward slip of the fault at the subduction rate 20 . The locked region of the fault is enclosed by the 10-meter coseismic slip contour lines 21 (white solid lines in Fig. S5 ). We applied a uniform subduction rate of 8 cm/yr 22 over the locked region. We also tested 6 cm/yr and 10 cm/yr to study the model sensitivies (grey shaded region in Fig. 1g ). Because we focus on the general pattern of the stress evolution, we do not further explore additional heterogeneities of the locked region and subduction rates.
Despite the simplicity of the interseismic model, the model FEM of relocking produces a good fit to the observed interseismic surface velocities (Fig. S5) . The model parameters governing afterslip and viscoelastic relaxation provided above are constrained by GPS, seafloor geodetic data and repeating micro-earthquake recurrence intervals 15 . In our calculations of postseismic and interseismic stress changes we average shear stress over a 60 km by 60 km region within the high-slip zone of the Tohoku earthquake (thick black rectangle in Fig. S5 ). Table S1 . b values for each faulting type for northeastern Japan (Fig. S2) (Table S1 ). Blue, red and green colors show the expected b values when VR ≧ 70%, 80% and 85% are used.
